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UHER EXPATOER 

This invention relates to a constant force spring device, and 
nore particularly, to a device for expanding a jnetallic liner wherein an 
e:q?andin8 die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an es^ianded metallic liner in an oil veil or other conduit. 
OSrpically, a corrugated steel Uner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being slightly less 
than the inside diajneter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the Uner and to assure more coo^lete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictlonal drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or waU thic}tness, of the conduit in \ihlth the 
liner is being Installed. For example, in Uning oil weU casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to p\ish the expander through the liner. The 
application of the great forces required may result in rupture of the casing * 
or in breaking the Installing tool. In Instances where the internal 
diameter of the conduit is sooeTAat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause dsmage to the casing and the tool. In other designs, such as vhere 
a cantilever spring arrangement is en?>lQyed in connection with the second- 
stage die, varloufi difficulties are encountered in obtaining a spring 
mechaaism having the dealzed strength in combination with the other spring 
characteristics, opd with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed In wells 
deep In the ground, it Is highly preferable that a tool be used which under no 
circumstances will become stuck in the well or cause damage to the well. Any 
such trouble occurring in a well can result in considerable loss In time and 
great expense In making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for instalUng metallic Uners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being Installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention will became apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
20 tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is eniployed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an esqwnding die moDber against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the foUov- 
ing description and the accoinpanylng drawings herein: 
'O Figures U, IB and IC, taken together, constitute a partial sec- 

tional view of a preferred eDbodiment of a liner expanding tool accoxdlag to 
the present invention; and 
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Figure 2 is a sectional vlev of the apparatus of Figure lA taken at 
line 2-2; and 

Figure 5 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the dravings^ Figure lA is the bottom portion of a 
liner expanding tool for use in Installing a metallic liner in a veil, while 
Figure IB Illustrates the middle section of such a tool and Figure IC repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard veil tubing 12 by coupling 13 and, typically, may be lowered from the 
10 surface throu^ a well casing (not shown) to a point In the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
veil, an elongated vertically corrugated liner 1^^ fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first- stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a firsts 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollcv shaft 18 
which foms a portion of the body of the tool. As shown, the expanding die 17 
20 Is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft l8. The enlarged portions of the axms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner Into a substantially cylindrical shape. The am members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
e3q>anding member 2^ slidably positioned on the shaft to serve as a second-stage 
expander. The surface of the member 2^, as shown, moves upwardly along the 
shaft to engage with the aims and move them outwardly. Advantageously, the 
30 inside surfaces of the arms 22 and the outside surface of expanding member 2^ 
form mating sections, typically octagonal in shape. The expansion of the axm 
members is controlled by the position of the member ^ which moves upwardly 
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until It contacts shoulder 26 provided on the eh&ft. As member 2k moves In a 
dovnvordly direction arms 22 fold Inwardly toward the shaTt. The expanding 
arms 22 are held in place on the shaft b/ collar 27 and circular groove 28 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second* 
stage die is drawn throu{^ the liner to expand it in place in the casing. The 
first-stage die provldee a gross defomation of the liner so that it la 
expanded outwardly against the wall of the casing. The second-atage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the Uner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the veil at the location at which the liner is to be set. A liquid, such 
as oil, 18 then pumped under pressure down the well tubing and flows throui^ 
the passageway 29 provided in polished rod 3l» through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. \Jpaa the application of 
fluid pressure to the cylinder, the piston 3^ secured to polished rod 31 moves 
upwardly In cylinder 33. As shown, rod 36 connects polished rod 31 end shaft 
18 upon which is mounted the first-stage expanding die 17. When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner Ih and '*lron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside wall of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 2i» Is a constant force spring member 37 which 
is employed to urge the expanding member against the es^anding arms 22 with a 
substantially constant, force . The force exerted against the am members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will be substantially constant so that either sticking 
of the tool in the casing or rupture of the casing is precluded* Of course, 
the force provided by the spring member is preselected so that the frlctionAl 
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forces between the tool aad the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 
of the arms 22 Is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 Is slidably mounted on the shaft 
18 and held between the expanding element 2k and a cylindrical lower shoulder 
member 38 forming a portion of a differential screw element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 

10 element comprises shaft member l8 on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4la and kXb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder » Bie two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 3d is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl. 
The shoulder 38 is secured to the shaft 18 by splines 43 so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fijcedly attached 
to the lower end of the thimble la a friction member, such as bow springs 

20 a hydraullcally actuated friction pad, or other such device for frictlonally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member ttireads 38a is the seme as that of the shaft threads l8a, e.g. rl£^t- 
hand threads, and the pitch, or lead, of threads l8a is slightly greater than 
that of threads 3da, with the pitch ratio being close to unity. In this 
manner, clock-wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring el«ment 37 to cause buckling. For exao^le, one satisfactory 
differential screw was made up using five and one*h&lf threads/inch square 

30 threads on a shaft approsOmately l*7-lnch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2*3*i&ehaa 
inside diameter. 

- 5 - 



736288 



Constant force spring element 37 comprises column element U3, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member kk Is in contact vlth the upper ends of the 
columns and Is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 2^. Lover 
bearing plate member kS contacts the lower ends of the columns and is moved 
upwardly along the shaft by longitudinal movement of lower shoulder 3d as a 
result of revolving differential screw element 39- Grooves U7 are provided 
in each of the bearing plates, to fona an upper race and a lower race, into 
10 which the ends of the columns are inserted. These grooves may^be shaped to 
conform with the s.iape of the column ends if desired. A cover kS may be 
employed to exclude foreign matter from the spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions la a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns* Therefore, a pair of stops 49 and 49a are provided for this purpose « 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper sod lover limiting sleeves positioned on the shaft to 

20 slide longitudinally thereon. The ends of the stops may mo 'e toward, or away 
from, each other as the load on the spring member varies. Lover sleeve 49a 
is prevented from moving down by lover shoulder 38 connected to the shaft Id. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
defoxmatlott of the column element ^3* Various alternative means for prevent- 
ing damage to the column eXeaeat nay also be employed* For example, pins or 
rings mounted on the shaft may serve as stops, or the cover kQ provided vlth 
suitable connections may be eniployed for this purpose to limit longitullnal 
and/or lateral deflection of columns. 

30 The columns of the column element U3 may be arranged around the 

shaft 18, ii^ch as shown here foma a portion of the bod/ of the spring 
device, with enda of the columns fitted In the races kj* TIm eolumzis nay be 
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ritted closely together as shown, or rcay be spaced arouna the race, vith sepa- 
rators used between them to maintain the desired spacing. The nanber of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the column may be varied 
videly, and the column ends may be round, flat, fixel or hinged. The preferred 
construction is a thin, slender column with rounded ends, free to move within 
the races shaped to the curvatuie of the column ends. I^aterials which may be 
satisfactorily employed for the colunuas are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper base alloys, such 
as phosphor bronze, beryllium copper, the high nickel aUoys and other similar 
materials providing satisfactory mechanical properties • Typically, the Indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the shaft. Thus, with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 16. 

For example, a group of columns 0.l67'inch thick by 0.438-lach wide 
by i0.626-inches long, with the ends rounded, were fabricated from A. I.S.I 
^3hQ steel, quenched and drawn at 575*F. Each column was found to require a 
critical compression loading of ^30 pounds in order to buckle the column. 
After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein F^, is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shape 
of this spring characteristic curve Is described by curve OA 'ABC. Actually, 
this curve is described by QABC due to friction in the system. Points A end B 
represent typical working limits, which, of course, may be varied according to 
the application for which the spring is desiffsed. For exaa^le, where a large 
number of flexing cycles are not anticipated, a working stress Just below the 
yield point may be used, while with, a great number of flexures, the working 
stress may be held to less than the endurance limit of the material of construc- 
tion. In the above-mentioned tests, the lat^eral deflectl.on was limited to 



736288 

epproximately one Inch, at which the longitudinal deflection was approximately 
0.225 inches. From zero deflection to the maxlJimm deflection, the it50-pound 
loading was found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection vss limited between 0 and about 1.00 Inches by appropriately posi- 
tioning the stops. Upon conpresslonal loading, the spring element buckled at 
substantiaUy 25,000 pounds and from a longitudinal deflection of 0.04 Inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds. 

Of course, in desigaing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckUng load, while maintaining 
the stress level in the columns at a safe level, Otoe preferred coliams, ther«. 
fore, are laminated, as shown in Figures IB and 2> with multiple flat members 
making up each column. 

In the operaUon of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the weU as mentioned above, 
with the azms 22 in the retracted position. When the tool is at the desired 
20 level, the weU tubing is revolved. The friction member kz engages with the 
waU of the casing and prevents thimble kl from revolving. With several 
revolutions of the tubing, lower shoulder 38 is mowd upwanily by differential 
screw 39 to buckle spring element 37 irtiich has a predetermined critical 
buckling load. Otois load is transmitted iiqpwardly against the lower end of 
expander 2k, and its tapered surface is engaged with the tapered surface on 
the inside of the axns 22 to urgo the axns outwardly with a substantiaUy 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 
50 !Ehe foregoing description of a preferred embodiment of my invenUon 

has been given for the purpose of exempUfication. It wiU be understood that 
various modifications in the details of construction wiU become apparent to 
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the artisan from the description, and, as such, these fall within the spirit 
and scope of my invention. 
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I CLAIM: 

X !• A device for expeuiding a metallic liner inside a conduit vtXch 

2 device ccciprises a shaft element » an expanding die member attached to said 

3 shaft element, said die member comprising a movable liner -forming member 
h positioned en said shaft and being radialOy movable in respect thereof to 
^ contact said liner » an expander member slldably positioned on said shaft 

6 between said shaft and said die member to move said liner-forming member 

7 from said shaft, and a constant force spring meniber positioned on said shaft 

8 to contact said expander member and to maintain said e^qpander member against 

9 said liner-foxning member, whereby said liner-foziaing member is urged against 
10 said liner by a substantially constant force. 

1 2. In a device for installing an expanded metallic liner in a 

2 conduit wherein an expending die is moved through a liner positioned in said 

3 conduit to expand said liner: a cylindrical shaft element, an expanding die 
k member attached to said shaft, said die member comprising a plurality of am 

5 members disposed around said shaft and being pivotable outwardly thereAram to ' 

6 contact said liner, a ccne member slldably positioned on said shaft between 

7 said shaft and said am members to \urge said arm members outwardly from said 

8 shaft, and a constant force spring member positioned on said shaft to contact 

9 said cone member and to maintain said cone member in contact with said am 

10 meaoibers, whereby said am meniber s are urged outwardly by a substantially 

11 constant force. 

1 3« device of Claim 2 wherein said constant force spring meniber 

2 comprises a plurality of columns disposed around said shaft, a first bearing 

3 plate meniber and a second bearing plate member, each of said bearing plate 

k members contacting opposite ends of said columns, at least one of said bearing 

5 plate members being movably positioned on said shaft and being in contact 

6 with said cone na^ber, stop means connected to said shaft to lindt the axial 

7 travel of said fflOval>le bearing plate meniber along said shaft, and ccnpresslon 

8 means for malntainitig a lateral deflection in said eoluana. 
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1 ^. The device of Claim 3 therein said cotagreBaloa means con^irlees 

2 a differential screv conzxectlng said spring member and said shaft. 

^ 5* The device of Clala 3 wherein said stop means comprises a 

2 sXeeve-llke element connected to said movable hearing plate member and 

3 slldably positioned on said shaft and a member connected to said shaft to 
^ Umlt the travel of said sleeve-Uke element. 

1 6. The device of Claim 3 vhereln said columns have a rectangular 

2 cross-section, the width being greater than the thlcknessi and having the 

3 wider fi&ee normal to the diameter of said shaft. 

1 7* A device for Installing an expanded metallic liner In a coidult 

2 which conqprises a cylindrical shaft eleaent; an expanding die member mounted 

3 on said shaft, said die member comprising a plurality of aim members disposed 
^ circiuirerentially around the outside of said shaft and being pivotable out- 

5 wardly therefrom to contact the liner; a conical expanding laember slldably 

6 positioned on said shaft between said shEift and said arm members to urge said 

7 arm members outwardly from said shaft; a plurality of slender columns, each 

8 having a long rectangular cross-section and disposed clrcumferentially about 

9 said sheift; an upper bearing plate meznber and a lower bearing plate member, 

10 each slldably positioned on said shaft and contacting opposite ends of said 

11 columzis; limiting sleeves attached to each of said bearing plate members 

12 and slldably positioned on said shaft; a shoulder member on said shaft; a 

13 differential screw element connecting said shoulder aM said shaft to apply 
Xk a buckling load to said coliums; said- shoulder being engageable with the 

1$ limiting sleeve conxMOted to said lower bearing plate member^ where^ the 

16 axial travel of said bearing plate menbers Is limited; said coluffln meabers 

17 traoaittitting their buelcllng load to said am neiiibers to urge said am members 

18 outwardly with a substantially eoastaat force. 
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«BUk It equate .^DOlitAT 06 pftMlM OD ^ —*« * 

i tamely dlxwiU*. ai f .Id iw«4l3r *CP*«r* E2» 

praviM on ^ vtert- 

BM >n)Mii-i t«a, «ta n*«v«tM» di« «rf u» •••©•ft- 

I (HtMriOy A^iMt ite ViH ut «te •Miac. > 



■Tm cf Utt uaar nA ta mw i M " aora cwk aoatooi 1 
I mil or tM MttHt idB ft nMi-«a#A wn. 

]ft litOT^Mff*, Ite 1U«» Mltta* tool it M ii^ lti ■» tM Rrfw«, w 

L tM tmn^lrf Wto t» Cm tta UoBTt tt» ■ ■ ■■ My U Ssnfvft 

isCA tM tM l»o»tioa Bi tM Umt la to W M^ A ia«M, 

M oil. C« tte vm9^ jr««w «o« -* n»« '^"^ 

Mr t« t2» vMI OC tM dbooUcr >^ tM ■fpllMttM 

flBlft prt-«n» tft tti -yOlM*, tM PMP-- to polW«4 

a 1^ .MA M«.M»^«i«t.>tof» -MM. *M p.««a 

.t^ <m' 0 ». «>«M WgmjMj IBW tM ««««iMi UMF 1* «i 11M M»- 
tM otttiyMoa M 1M UMr» -D tMl tM «>|M«^A ll>i» "V «oM*t IM 

Jtt ^ tM 1% 11 ^rtl iMtlUtd, MttMoA e» tte 

MLPif tM .^p-ailQf MdMr' * U » «MirtMfc fW»M 
M M 

rtMt«tUlly-MtMfc.ft«». tt»f*iM«Mrt^*#iMt«»«*-"**^^'« 

•tfMtMltMU^ »aM«Ml. tM.ftrMVMMttMathTQI^tM WW* 

JO Ui«y ^ to tM M.Mii flU M «*rtMttW«M*-* M IM* ftltMr rtltMM 
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to vittMA ymn M#» "* *» w V-^ ' 

^ It 1« ■«% CM to »o»«to «• tt» rt^. nwMjr ftttMtod 
-^ g i y yrftt ite ftMUte «iU Of tt» Ma4ilt to < 

^tj^ _ — 9S to AMM tipo«i« Oltf^ wd • «• < 

il£f ««M.l ^ ft'' ^^^^/^ 
90 UDMO. « * A.rt ^T-*-^ -* •«* 
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MMM i» rtH^ K»i1iaD04 ifi to tvwU iort» Of the 

.tar A. iMcr 



ft ]«wr «M«« Sat* 
to 



i «otUr fW» 1^"*^ 



HBiMtS«0 ttowto f*l»*i«* « nv**" •* 

VMnfoM, • 1*1* of •t«f- fc» — « Ir^ «• 

1^ ^ t^iM «ea»Mi» ioi 



v« 4if *nB«» « ilw oo~» W profit tfiifc 

aad/w }At»fkl oanoetlM of * 
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ntud elAMlT to^w*t M tbcfn, or >• •jm^ •roi»tf Um nt*, Ttlh 
-wiUlf, 9^ tttt oklvB ants m^s mnl* nai^i nxw^ > 

mtfteto fwfiaf, *«>if a mi«y f«!»irtic»> l*»u»aar, Ui Wl- 



. Aftvr kMkUflC tb« mm fwm to • w*T n*% curiae €fc»et»ii»- 

«r tto Mm vMtM tM ito&A 9«Ufc of tte Mtotui* 
or thU •frlac .MMMWlvtle «m tm dMvlM ^ •» 

• tetos«» tlaAMdSw ymm l»M!UA ift 
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■onr oAof • 



4l CMA 

9^ «• WklA i»»*M •l^^ ^ • 
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^ fcMV^M «^>rlytliB of « pciifr«B«« ^"Uiif • 



P0 - 



http7/patentsl ic.gc.ca/fcgi-l>iii/aiiy2html 



mm) 



00736288dis.a&PBge9 




httpy/patentsl.ic.g(.ca/fcgi-bixs/any2html 



9/t8/DO 



00736288diw.afpPagel 



P&gelofl 




h«py/p.t.^c.pd«7p.ge=d„.*|«.c^^ ""^ 



007362S8drw.aipPa«c2 




http7/patentsl .tc.gc.ca/fcgi4im/aiiy2html 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□"faded text or DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ^ . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



